INTRODUCTION
Circular plates are commonly used structural component with a wide application in civil, aerospace, mechanical, nuclear and marine engineering. A comprehensive survey of early investigation on free vibration of circular plates made by Leisssa (1969) and Liew et al. (1995) indicates that classical thin plate theory and first order shear deformation plate theory were mainly used by researchers. The classical plate theory neglects the effects of transverse shear deformation and rotary inertia, leading to overestimation of the vibration frequencies.
The error increases with increasing plate thickness. To refine classical plate theory by including the shear effect in the analysis of thick plates, various shear deformation and higher-order theories have been proposed during the past few decades. Rao and Prasad (1975) presented the natural vibrations of annular plates considering the effects of rotatory inertia and shear deformation. Irie et al. (1982) investigated the free vibration behavior of annular plates using Bessel functions. Also, Han and Liew (1999) investigated by Chen and Ren (1998) and Khare and Mittal (2015) using finite element analysis. Komur et al. (2010) presented the buckling behavior of laminated composite plate using finite element software ANSYS. Recently, Mittal (2016, 2017) presented model characteristics of thick laminated circular and annular plates using finite element analysis. In this paper, the free vibration responses of circular plates, with different thickness ratio and boundary conditions, using finite element method are discuss in detail. The accuracy and numerical reliability of method have been verified by, appropriate convergence studies and comparisons of existing results in the literature.
MATERIALS AND METHODS
Consider a homogeneous, isotropic, thick annular plate with inner radius R 1 and outer radius R 2 and uniform thickness h as shown in Figure 1 . An orthogonal cylindrical coordinate (r, θ, z) with origin O at the center of the lower surface of the plate, is defined with r in the radial direction, θ in the circumferential direction and z in the thickness direction. The corresponding displacement components at a generic point are u, v and w in the r, θ and z directions, respectively.
Figure 1: Geometry and Coordinate System of the Annular Plate
A finite element analysis was made for obtaining the first five natural frequencies using three-dimensional 'SOLID185' of ANSYS. The free vibration is computed using Block-Lanczos algorithm. In addition, SOLID185 Structural
Solid is suitable for modeling general 3-D solid structures. As demonstrated in Figure 2 , the element contains eight nodes having three degrees of freedom at each node: translations in the nodal x, y, and z directions (ANSYS, 2009). Figure 3 shows the circular plate subjected to different boundary conditions. The following three types of boundary conditions are considered in the present study. In this study, isotropic plates made of steel were used. The mechanical properties of steel are listed in Table 1 . 
RESULTS AND DISCUSSION
The present study is first validated by carrying out convergence study of non-dimensional frequency parameters Ω defined by The comparison studies are also carried out here in Table 5 and those between the present finite element solution and HSDT solution. The comparisons show good agreement with most of differences being less than 4%.
On the basis of above verification of the current approach, frequency parameters for uniform circular plates with thickness-radius ratios varying from 0.1 to 0.5 in step of 0.5 under different boundary condition are presented in Table 8- 10. It is observed that value of frequency parameters decreased as the thickness-radius ratios increased. The symmetric thickness modes are frequently occurs at lower frequency spectrum, as thickness-radius ratio increases. These surface modes are not revealed in 2-D theory based analyses. It can also be observed that value of frequency parameters increases with higher constrained boundary condition at the edge. The first axisymmetric flexural mode (0, 0), is found to be lowest fundamental mode except when the boundaries of the circular plates are free, for which it is found corresponding to mode type (2, 0). 
